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Summary of October 2015 revisions to this report: 

The initial final version of this report was completed on June 25, 2014. 



Some of the analyses in this report will soon be published in a journal article: 

Asarian, J.E. and J. Walker. In press. Long-Term Trends in Streamflow and Precipitation in 
Southwest Oregon and Northwest California, 1953-2012. Journal of the American Water He sources 
Association. 

In the process of preparing that manuscript, I discovered two issues with the agricultural water use 
estimates that warranted revision of the 2014 report: 

1) A calculation error resulted in under-estimation agricultural water use for some portions of the 
Klamath Basin. For mainstem Klamath River gages from the Klamath River at Keno Dam 
downstream to the Klamath River at Klamath, agricultural water use for most counties in Oregon 
was erroneously excluded. I have now corrected that error. 

2) The agricultural water demand estimates for Oregon from HDR Inc. (2008) were not directly 
comparable to the evapotranspiration of applied water (ETAW) estimates for California, because the 
Oregon data included adjustments for conveyance efficiency and irrigation efficiency. Therefore, I 
have now applied an adjustment factor (multiply by 0.56) to the Oregon data to back-calculate 
ETAW values that are comparable to the California data. 

I have revised the Methods section to describe the new method for estimating ETAW for Oregon. 
All results including figures and tables (Tables 11, Table 12, Table 14, Table 15, and Figure 15) 
affected by the calculation error and the new method for estimating ETAW in Oregon have now 
been revised in this October 2, 2015 version. As a result of these revisions, the agricultural and total 
water use changed for all gages whose watersheds include any part of Oregon. The ranks for total 
water use (in Tables 11, 14, and 15) changed for the following gages: 

WF Illinois R (14375500): G to VG 
Rogue R Grants Pass (14361500): P to F 
Rogue R Agness (14372300): P to F 
Rogue R At Raygold (14359000): P to F 
Rogue R Dodge Bridge (14339000): G to VG 
SF Rogue R S Prospect (14334700): G to VG 
SF Big Butte Cr Nr Butte Falls (14335500): G to VG 
Little Butte Cr At LakeCr (14346700): P to F 
Klamath R Klamath (11530500): F to P 

Klamath R Acer: Boyle - Keno (cll510700_11509500): VG to G 

Williamson R Acer: B1 Sprg - SprgR - KMrsh (cll502500_11493500_tl): G to VG 

Sprague R: Williamson R - Sprague (cll502500_11501000): F to G 

The calculation error and revised method did not affect streamflow trend analyses, final stress/ threat 
ranks, or report appendices. 
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EXECUTIVE SUMMARY 



Summary 

This report assesses hydrologic alteration, dams, and diversions within the Southern Oregon 
Northern California Coast (SONCC) Evolutionarily Significant Unit (ESU) of coho salmon. 
Streamflow, precipitation, and Geographic Information Systems (GIS) data were analyzed to 
calculate a series of quantitative indicators. Once indicators values were calculated, they were then 
rated on a four-category scale (i.e., very good, good, fair, poor), according to mles (i.e., category 
definitions) based on a combination of literature and professional judgment. The indicator ratings 
were then used in conjunction with other information to inform professional judgments, for each 
coho salmon population and life stage, of the rank (i.e., very high, high, medium, or low) of the 
stress of altered hydrologic function and the threat of dams and diversions. These ranks are the final 
products of this report and are now available for use in the recovery plan for SONCC coho salmon 
which is currently in development; however, the NMFS will allow recovery plan authors to use their 
professional judgment to over-ride these ranks. Recommended overall population-level ranks are 
presented in maps at the end of this Executive Summary. 

The analysis included testing for long-term trends (1953-2012) in streamflow and precipitation, 
estimating diversions for residential and agricultural uses, and quantifying reservoir water storage. 
Results were summarized by stream gage and/ or coho salmon population area. Few (6%) 
watersheds had statistically significant decreasing trends in annual precipitation, but September 
precipitation showed a statistically significant decline in 53% of watersheds. Summer base flows 
declined significantly in many streams, even after a model was used to account for the variability in 
streamflow cause by precipitation. Streams with very low human water use (i.e., extremely low 
human population density and little or no agriculture) were less likely to have a significant declining 
trend in summer flow; however, declines did occur in some streams in this category, apparently due 
to increased vegetation/ forest evapotranspiration from some combination of climate change and/ or 
change in forest stand structure/composition. The most pristine surface-runoff dominated 
watersheds within the ESU (i.e., those with very few diversions and relatively little landscape 
disturbance), such as Elder Creek (tributary to South Fork Eel River), Smith River, Chetco River, 
Salmon River, and tributaries to the Klamath River between Seiad Valley and Orleans, generally 
showed no decreases in summer flow once the variability due to precipitation was accounted for. 
Agricultural water use was greater than minimum 30-day average streamflow in some watersheds 
with large-scale irrigation including the Scott River, Shasta River, Bear Creek (tributary to Rogue 
River), Outlet Creek (tributary to Eel River), and to a lesser extent, parts of the upper Klamath 
River. Indoor/ outdoor residential water use was only a small fraction of minimum 30-day average 
streamflow in nearly all gaged streams; however, even if human water use is only a relatively small 
percentage of summer streamflow within a larger watershed, many small streams within that larger 
watershed could still be periodically dried up by the instantaneous effects of multiple high-capacity 
pumps operating simultaneously, killing juvenile coho salmon and resulting in population-level 
effects. 
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Background 

This report was prepared as part of NOAA National Marine Fisheries Services’ (NMFS) 
development of an Endangered Species Act recovery plan for the SONCC coho salmon ESU. The 
January 2012 draft recovery plan identified summer flow as a key limiting factor for many 
populations of coho salmon within the ESU. Therefore, the NMFS Northern California Office 
recovery team places a high priority on improving the assessment of the stress and threat resulting 
from altered hydrologic function and dams and diversion. This report assesses the stress ‘Altered 
Elydrologic Function’ and the threat ‘Dams and Diversions’ for the coho salmon populations within 
the SONCC ESU. The first step was to assess the magnitude of hydrologic alteration within each of 
the population areas (i.e., the magnitude of the stress). The second step was to assess the causes of 
the alteration (i.e., the threats affecting the stress). 

Assessing magnitude of hydrologic alteration 

At least one long-term (i.e., at least 20 years, typically >50 years) stream gage dataset is available for 
27 of the 41 populations within the ESU, including all but two core populations (Humboldt Bay 
tributaries, CA and Elk River, OR). Using stream gage data from the U.S. Geological Survey 
(USGS) and Oregon Department of Water Resources (OWRD), I assessed the long-term trends in 
various streamflow metrics (e.g., monthly flow, minimum 7-day average flows, timing of mnoff, 
etc.). Precipitation has a strong effect on streamflow and could potentially confound the analysis of 
non-precipitation factors (e.g., land use changes) on streamflow. Therefore, to remove the effect of 
precipitation from the long-term trend in flow, I developed a regression model between API and 
monthly flow. Watersheds with gages were categorized by elevation (i.e., rain-dominated vs. snow- 
dominated) and geology (i.e., surface-dominated vs. groundwater dominated) using a peer-reviewed 
method to aid in interpretation of the results. 

In most watersheds, intensive hydrologic and landscape alterations occurred prior to the 
establishment of long-term streamflow gages, which complicated the interpretation of results. 
Watersheds with a long history of major dams, large irrigated areas, significant human populations, 
or landscape alteration (e.g., timber harvest, road-building, wetland draining/ filling, or floodplain 
disconnection)may have no detectable long-term trend in the streamflow gage data but still have 
significant hydrologic alteration. For example, the Shasta River at Yreka (gage 1151750 near the 
river’s mouth) has no statistically significant long-term trend in August streamflow across either the 
1953-2012 period that is the focus of this analysis nor the entire 1934-2012 period of record; 
however, median August flow for the period of record are only 33 cfs, equal to less than one quarter 
of the estimated unimpaired flow (i.e. if there were no diversions) of 140 cfs (Null et al. 2010), 
indicating significant alteration. Thus, some additional indicators (i.e., surrogates) of hydrologic 
alteration, not dependent on long-term flow data, were identified and calculated to identify the areas 
with longstanding hydrologic alteration. The additional indicators included estimated human water 
use as a percent of 30-day minimum flow as well as GIS-based indicators of hydrologic alteration: 
percent impervious surfaces, road density, percent of watershed area in agriculture, human 
population density, and reservoir storage as a percent of precipitation. The resulting indicator values 
were rated as either poor, fair, good, or very good according to the degree of hydrologic alteration, 
with category boundaries based on a combination of scientific literature, professional judgment, and 
frequency distributions. 

Some indicators were calculated at the geographic scale of an entire coho salmon population while 
others were calculated for the watershed area contributing to a stream gage. These two geographic 
scales are rarely identical and NMFS requires stresses and threats ranking in the recovery plan to be 
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determined at the geographic scale of an entire coho salmon population. Thus, professional 
judgment was used to combine the results of the two geographic scales of indicators with the best 
available information on stream hydrology to determine a stress rank (i.e., very high, high, medium, 
or low) for altered hydrologic function for each coho salmon population and life stage. The 
professional judgments also considered the findings of the ODFW (2008) expert panel and the 
public draft 2012 NMFS coho salmon recovery plan. 

Assessing sources of hydrologic alteration, including the threat of dams and diversions 

Residential water consumption was estimated by applying per-capita daily water consumption 
estimates from the California Department of Water Resources (CDWR) to block-level human 
population density from the U.S. Census. Annual agricultural water consumption estimates were 
obtained from CDWR and OWRD and used to estimate monthly agricultural water use by assuming 
water was evenly applied across a 6-month irrigation season. The combined sum of residential and 
agricultural water use was then compared relative to the average streamflow during the 30-day 
period of the year when streamflows are the lowest. While there is a relatively high degree of 
uncertainty in these estimates due to census undercounts in mral areas (including clandestine 
residences) and local variation in the per-capita water consumption, these estimates are currently the 
best available information. 

In addition to human water use, the following GIS-based indicators were used to assess the threat of 
dams and diversions and rated as very high, high, medium, or low: reservoir storage as a percent of 
precipitation, human density, and percent of watershed area in agriculture. Similar to the approach 
described for altered hydrologic function, professional judgment was used to determine a threat rank 
(i.e. very high, high, medium, or low) for dams and diversions for each coho salmon population and 
life stage. 



iii 
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1 INTRODUCTION 



1.1 DESCRIPTION OF STUDY AREA 

The Southern Oregon Northern California Coast (SONCC) Evolutionarily Significant Unit (ESU) of 
coho salmon includes all populations of coho salmon in coastal streams from the Elk River near 
Cape Blanco, Oregon, through and including the Mattole River near Punta Gorda. The SONCC 
ESU spans two states (Oregon and California) and 13 counties (Coos, Douglas, Curry, Josephine, 
Jackson, Klamath, Del Norte, Siskiyou, Humboldt, Trinity, Mendocino, Lake, Glen). 

1.2 BACKGROUND AND PURPOSE 

NMFS is currently developing an Endangered Species Act recovery plan for the SONCC coho 
salmon ESU. In the January 2012 draft of the recovery plan for the ESU, the assessment of the 
stress ‘Altered Hydrologic Function’ and the threat ‘Dams and Diversions’ were based on 
professional judgment. In a limited number of populations, this judgment was informed by 
analyses/assessments conducted outside the recovery planning process. The assessment of this 
stress and threat in the January 2012 draft assigned a ‘low’ to ‘very high’ stress or threat rating, but 
there was no specific definition for these ratings. The draft recovery plan identified summer flow as 
a key limiting factor for many coho salmon population within the ESU, and thus it is a high priority 
of the NMFS Northern California Office to improve the assessment of this stress and threat. 

This report describes a new approach to assessing the stress ‘Altered Hydrologic Function’ and the 
threat ‘Dams and Diversions’ for the populations within the ESU. This approach will result in 
stress- and threat-specific definitions for the low to very high ratings of this stress and threat, based 
on the best available scientific information. 

1.3 EFFECT OF HYDROLOGIC ALTERATION ON COHO SALMON 

Water is the most essential component of fish habitat. Inadequate flows can detrimentally affect 
coho salmon by decreasing summer rearing habitat and reducing access to spawning grounds. This 
assessment focuses primarily on summer flows because they have been identified by NMFS in the 
recovery plan as a limiting factor for many populations within the SONCC coho salmon ESU. 
Reduced summer flows can reduce growth and survival of coho salmon juveniles through several 
pathways, including: stream dewatering, increased water temperature, reduced habitat volume and 
quality, reduced food availability, and increased vulnerability to predation. 

The most extreme case of reduced flow is stream dewatering, causing immediate mortality of any 
coho salmon rearing in the dry reach. While loss of surface flow can occur for prolonged durations, 
such as months, loss of surface flow can also occur on much shorter time scales such as hours or 
minutes. Small streams with multiple adjacent water diversions that operate simultaneously are 
particularly susceptible to running dry (Lancaster 2013) or experiencing rapid flow decreases (Deitch 
etal. 2009). 

Coho salmon juveniles oversummer in freshwater and are particularly vulnerable to high summer 
water temperatures. Water temperatures can be strongly affected by the quantity of water in a 
stream, with effects varying by location and season according to site-specific factors. For example, 
the BasinTemp water temperature model predicts that a 50% reduction in flow would cause 

1 BasinTemp model predicts water temperature for entire watersheds. It was developed by Stillwater Sciences 
(http://www.stillwatersci. com/tools. php?tid=25) for the South Fork Eel River TMDL. It integrates a solar radiation 
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maximum weekly average temperature (MWAT, the average temperature during the warmest 7-day 
period of the year) to increase as much as 2-3 °C in Bull Creek, a tributary to the South Fork Eel 
River, while a 50% increase in flow would decrease MWAT by a slightly lesser amount (Figure 1, 
Allen 2008). Similarly, the Fleat Source model used in the development of the Scott River Total 
Maximum Daily Loads (TMDLs) predicts that a 50% decrease in groundwater accretion would 
increase peak summer water temperatures in mainstem Scott River by 2-3°C, whereas a 50% increase 
would reduce water temperatures by as much as 2°C (Figure 2, NCRWQCB 2005). 

As flow decreases, so do the depth, volume, and complexity of pools where coho salmon juveniles 
over-summer (May and Lee 2004). Another potential result of low summer flow is loss of hydraulic 
connectivity in riffles (Magoulick and Kobza 2003). In such cases, pools become isolated from each 
other and drift of aquatic macroinvertebrates from riffles into pools is eliminated, reducing food 
availability for juvenile salmonids and hence reducing growth rates (Stillwater Sciences and Dietrich 
2002, McBain and Tmsh 2012). Field experiments in a small Llumboldt Bay stream found that even 
when hydraulic connectivity was maintained, reduced flow resulted in less invertebrate drift which 
dramatically reduced growth of rainbow trout (Llarvey et al. 2006). With loss of connectivity, fish 
movement is restricted to single habitat units and they become more vulnerable to predation 
(Magoulick and Kobza 2003). Studies in a Washington stream found that juvenile coho that moved 
between habitat units grew faster than those who did not move (Kahler et al. 2001). 

Increased flow (either total annual, spring or summer) results in increased smolt migration (Berggren 
and Filardo 1993, McCormick et al. 1998) or survival (Mathews and Olson 1980, Scarnecchia 1981, 
Giorgi 1993, Cada et al. 1994, Lawson et al. 2004). Berggren and Filardo (1993) found a significant 
correlation between average flow and smolt migration time in the Columbia River. Scarnecchia 
(1981) found a highly significant positive relationship between total stream flows and the rate of 
survival to the adult life stage for coho salmon in five Oregon rivers. Mathews and Olson (1980) 
documented a positive correlation between summer stream flow and adult coho salmon abundance. 
Coho salmon smolt production was positively correlated with summer flows in a coastal 
Washington stream (Beecher et al. 2010) and spring flows on the Oregon Coast (Lawson et al. 

2004). Summer flow is an important explanatory variable of juvenile steelhead survival in tributaries 
of the Russian River (Granthan et al. 2012). 

In addition to the relationship between flows and juvenile salmonid survival, flows can also affect 
juvenile salmonid growth. In studies on brook trout and juvenile Atlantic salmon, Davidson et al. 
(2010) and Xu et al. (2010) found that increased flow was generally associated with higher growth 
rates. Juvenile salmonids had 24 to 50 percent size reductions under low flow conditions (Davidson 
et al. 2010, Xu et al. 2010, Nislow and Armstrong 2012). 



model (which includes a channel network, digital elevation model, and tree-height model), an energy balance model, 
and a hydrologic model. 
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Figure 1. Effects of reducing (or increasing) flow by 25% and 50% on the thermal longitudinal profiles of Bull 
Creek (from Allen 2008). 
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Figure 2. Longitudinal profiles of TMDL temperature modeling results quantifying effects of groundwater 
accretion, Scott River mainstem at 3:00pm, July 30, 2003. Figure 4.13 from the NCRWQCB (2005). 
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1.4 COMPARISON OF HYDROLOGIC ALTERATION ASSESSMENT METHODS IN 
THE PUBLIC DRAFT SONCC PLAN VERSUS NEW APPROACH 

For the public draft of the SONCC plan, two qualitative indicators informed the assessment of 
altered hydrologic function stress (Table 1). These indicators were provided the U.S. Forest Service 
and Oregon Department of Fish and Wildlife. NMFS staff considered these indicators, as well as 
any other information available, when making their final professional judgments for the altered 
hydrologic function rating. 



Table 1. Qualitative indicators for altered hydrologic function stress in public draft SONCC plan. 



Indicator 


Poor 


Fair 


Good 


Very Good 


Flow Restoration Needs (ODFW 
judgment)* 


3.5-4 


2. 5-3.5 


1. 5-2.5 


1-1.5 


Water Quantity/Flow Regime (USFS 
judgment)** 


Altered 


Partially Altered 




Unaltered 



* This indicator was only available for populations in Oregon. 

** This indicator was only provided by USFS for the portions of the population area that had 
significant USFS ownership and were in California, so 1) it was not available for some populations 
(i.e., in Oregon or no USFS land), and 2) it was not representative of the entire area for some 
populations (i.e., those where USFS land covered only part of the population area). 

The proposed new indicators for altered hydrologic function, including the definitions of ratings are 
listed in Table 2. 



1.5 COMPARISON OF DAMS/DIVERSIONS ASSESSMENT METHODS IN PUBLIC 
DRAFT SONCC PLAN VERSUS NEW APPROACH 

For the public draft of the SONCC plan, no indicators were used to assess the threat of dams and 
diversions. Threat rankings were based solely on professional judgment by NMFS staff. 

The proposed new indicators for dams/ diversions, including the definitions of ratings are listed in 
Table 3. Two indicators used for the altered hydrologic function threat (significant trends in 
minimum 30-day average flow and average September flow with the effect of precipitation 
accounted for) were not used to inform the dams and diversions threat because those indicators can 
be strongly affected by factors other than dams and diversions. For example, the trend in average 
September flow with the effect of precipitation accounted for is affected by long-term changes in 
vegetation/ forest evapotranspiration due to climate changes (i.e. air temperature, wind, humidity, or 
precipitation shifting from snow to rain) and/ or change in forest stand structure/ composition. In 
addition to the factors mentioned in the previous sentence, the trend in minimum 30-day average 
flow is also affected by long-term changes in precipitation timing and magnitude. 
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Table 2. Recommended quantitative indicators for altered hydrologic function stress in the new proposed approach. 



Indicator 


Poor 


Fair 


Good 


Very Good 


Notes on Rating 
Source 


Coho 
Salmon 
Life Stage 
Affected 


Geographic Scale of 
Results and Where Results 
Are Presented 


Reservoir storage as a % of precipitation 


>15% 


>5-15% 


0.5-5% 


<0.5% 


Best professional 
judgment 


All 


By gage: Table 7, Figure 16 
By population: Table 13 


Statistically significant trend* in minimum 30- 
day average flow 


> 1 %/yr 
decrease 


>0.5-1. 0%/yr 
decrease 


0-0.5%/yr 

decrease 


Increase or no 
significant trend 


Best professional 
judgment 


Juvenile 


By gage: Table 8, Figure 11 


Statistically significant trend* in average 
September flow with the effect of 
precipitation accounted for 


> 1 %/yr 
decrease 


>0.5-1 .0%/yr 
decrease 


0-0.5%/yr 

decrease 


Increase or no 
significant trend 


Best professional 
judgment 


Juvenile 


By gage: Table 8, Figure 14 


Human water use (domestic plus agricultural) 
as a % of 30-day minimum flow 


>50% 


>20-50% 


2-20% 


<2% 


Best professional 
judgment 


Juvenile 


By gage: Table 11, Figure 15 


Human population density 


>25 persons/ 
km. 2 


>5-25 persons/ 
km. 2 


1-5 persons/ 
km. 2 


<1 persons/ 
km. 2 


Approximate 

quartiles 


All 


By population: Table 13 


% of watershed area in agriculture 


>10% 


>5-10% 


2-5% 


<2% 


Kier Associates 
and NMFS (2008) 


All 


By population: Table 13 


% impervious surfaces 


>25% 


>10-25% 


5-10% 


<5% 


Kier Associates 
and NMFS (2008) 


All 


By population: Table 13 


Road density 


>3.0 mi/mi 2 


>2. 5-3.0 mi/mi 2 


1.6-2. 5 mi/mi 2 


<1.6 mi/mi 2 


Kier Associates 
and NMFS (2008) 


All 


By population: Table 13 



* Trends evaluated for the period 1953-2012. Percents are relative to the median of the entire period, not the start of period, so total change for the period 
would be the per-year trend slope multiplied by 30 (half the 60-year period). Threshold of statistical significance is p < 0.10. 



Table 3. Recommended quantitative indicators for dams/diversions threat in the new proposed approach. 



Indicator 


Poor 


Fair 


Good 


Very Good 


Notes on Rating 
Source 


Coho Salmon 
Life Stage 
Affected 


Geographic Scale of 
Results and Where Are 
Results Presented? 


% of coho salmon habitat 
inaccessible due to dams 


>40% 


>15-40% 


1-15% 


<1% 


Best professional 
judgment 


All 


By population: Table 13 


Reservoir storage as a % of 
precipitation 


>15% 


>5-15% 


0.5-5% 


<0.5% 


Best professional 
judgment 


All 


By Gage: Table 7, Figure 16 
By population: Table 13 


Domestic water use as a % 
of 30-day minimum flow 


>50% 


>20-50% 


2-20% 


<2% 


Best professional 
judgment 


Juvenile 


By gage: Table 11, Figure 15 


Agricultural water use as a 
% of 30-day minimum flow 


Human population density 


>25 persons/km. 2 


>5-25 

persons/km. 2 


1-5 

persons/km. 2 


<1 persons/km. 2 


Approximate 

quartiles 


All 


By population: Table 13 


% of watershed area in 
agriculture 


>10% 


>5-10% 


2-5% 


<2% 


Kier Associates 
and NMFS (2008) 


All 


By population: Table 13 
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1.6 PREVIOUS QUANTITATIVE ANALYSES OF HYDROLOGIC AND 

METEORLOGIC TRENDS WITHIN THE SONCC COHO SALMON ESU 

There have been several previous analyses of long-term hydrologic and meteorlogic trends within 
and nearby the SONCC coho salmon ESU. Because the intent was on detecting trends due to 
climate change, these studies focused primarily on assessing streams less impacted by human land 
use, flow regulation, and water diversions. In contrast, this report aims to assess trends in 
streamflow in all streams with long-term datasets, regardless of their degree of human alteration. 

Madej (2011) evaluated trends in climate, streamflow, and stream temperature along California’s 
north coast from the Oregon border south to the Golden Gate. Madej (2011) found that average 
stream temperatures in Redwood National Park showed a statistically significant (p <0.10) increase 
for the months of January, April, and November between 1895 and 2007, and at sites further south 
there were increases in additional months. Across the available periods of record, statistically 
significant (p < 0.10) decreases in 7-day low flows were detected at Redwood Creek at Orick, 
Mattole River at Petrolia, Van Duzen River at Bridgeville , South Fork Eel River at Leggett, Lacks 
Creek (tributary to Redwood Creek), Elder Creek near Branscomb, and Redwood Creek at O’Kane 
(Highway 299 bridge) (Madej 2011)“. 

Chang et al. (2012) evaluated trends in monthly streamflow, 7-day low flow, and timing of mnoff in 
unregulated streams without notable diversions in Oregon, Washington, Idaho, and western 
Montana for the years 1958 to 2008. Findings included significant declines in absolute September 
streamflow at most stations. Relative (i.e., as a percent of annual flow), but not absolute, March 
streamflow increased at most streams with elevations over 1,000 m dominated by surface mnoff 
(i.e., not groundwater). Most groundwater-dominated gages exhibited significant positive 
correlations between September absolute streamflow and April 1 snow water equivalent, while most 
(62%) surface-dominated gages did not. The Sprague River was the stream in the Chang et al. 

(2012) study that was geographically closest to the SONCC coho salmon ESU (it is located in the 
Upper Klamath Basin and although its water eventually flows into the Klamath River, it is upstream 
of the ESU boundary). Significant trends detected for at least one of the two Sprague River gages 
were: increasing relative March and April streamflow; decreasing relative streamflow in June, July 
and August; decreasing absolute July-December streamflow; and decreasing 7-day average low-flow 
(Chang et al. 2012). 

Mayer and Naman (2011) analyzed 25 gages in unregulated streams in the Klamath Basin and 
adjacent areas and found that the response of streamflows to climate change from 1945 to 2007 
varied according to geology and elevation. Warmer winter temperatures and associated reduced 
snowpack resulted in earlier mnoff timing in both snowmelt and groundwater basins (Mayer and 
Naman 2011). Streams with groundwater-dominated runoff had much greater absolute (i.e., cfs) 
summer flow declines than streams dominated by surface runoff, although on a relative basis (i.e., 
percent) the declines were greater in surface runoff dominated streams. As a result, summer inflow 
to Upper Klamath Lake declined. In streams dominated by surface mnoff, December flow 
increased and January, February, and March flow declined, mirroring trends in precipitation. 
October and November flows also declined from 1945 to 2007 in rain-dominated streams despite a 

2 Trends not significant at: Bull Creek near Weott, Eel River at Scotia, Little River near Trinidad, Mad River near 
Areata, and Smith River at Crescent City. 
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lack of declining trend in November precipitation 3 , a trend which the authors noted could 
potentially be due to warmer summer temperatures increasing evapotranspiration and decreasing soil 
moisture, slowing down fall recharge. 

2 METHODS 

2.1 SUMMARY OF METHODS 

The final products of this report are the stress ranks for “altered hydrologic function” and threat 
ranks for “dams and diversions” for each coho salmon population and life stage. These ranks (i.e., 
very high, high, medium, or low) are professional judgments that are informed by a wide variety of 
information and detailed analyses, as summarized in Figure 3. A description of the judgment process 
is provided in section 2.10 (Determining Population-Level Stress and Threat Ranks). 

Various data sources were used to calculate indicators of the magnitude of the hydrologic alteration 
as well as other effects of dams and diversions such as fish passage barriers. Some indicators were 
relatively simple to calculate while others required a series of complicated analytical steps. The data 
sources and calculation methods for each indicator are summarized in a diagram (Figure 4) and 
details are included in sections 2.2 through 2.9 below. After indicators values were calculated, they 
were then rated on a four-category scale (very good, good, fair, poor), according to rules (i.e., 
category definitions) based on a combination of literature and professional judgment. Besides the 
indicators listed in Figure 4, supplemental analyses of streamflow and precipitation were also 
conducted and are presented in this report; however, these were only tangentially considered in the 
judgment process. 




Figure 3. Summary of the process used to inform professional judgments and derive stress and threat ranks. 



3 Mayer and Naman (2011) did not note whether there were significant declines in October precipitation from 1945 
to 2007. There was no significant trend in October precipitation for 1953-2012 at any sites within the SONCC ESU 
(see section 3.1 Long-Term Trends in Streamflow and Precipitation). 
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INDICATORS ; CALCULATION METHODS | DATA SOURCES 



Reservoir 

Storage 



Data from 
ODFW and 
NMFS on 
storage 
volume for 
each 
reservoir 



Calculate 
total 
reservoir 
storage in 
watershed 
contributing 
to stream 
gage (or coho 
population) 



Compare 

total reservoir 
storage to 
precipitation 



Reservoir 
storage as a % 
of 

precipitation 



Human Water Use and 
Human Population 



Human 
population 
density from 
U.S. Census at 
block scale 



? 

Calculate 

density and 
total human 
population in 
each gaged 
watershed (or 
coho population 



Multiply human 
population by 
daily per-capita 
literature-based 
domestic water 
use rates 
(indoor + 
outdoor) 



Human 

population 

density 



Monthly human 
water use 




Annual agricultural 
water consumption 
data fromCDWR and 
OWRD at sub-basin 
or county scale 



Spatially distribute 
water consumption 
using agricultural 
pixels from 2006 
land cover GIS 



I 



Calculate annual 
agricultural water 
consumption in 
gaged watershed 



T 



Divide by 6-month 
irrigation season to 
estimate monthly 
agricultural water 
consumption 



Compare to 
30-day minimum 
streamflow 



Streamflow 



Precipitation and 
Relationship with Streamflow 



Daily streamflow 
data from USGS and 
ODFW 



Calculate 
accretions 
between gages 



GIS 

delineation 
of watershed 

contributing 
to stream 
gage 



PRISM precipitation 
model outputs 



1 



GIS calculation of 
precipitation in gaged 
watershed for each 
month &year 



Calculate 

streamflow metrics, 
including: 
Minimum 

30-day monthly 
average averages 



Calculate Antecedent 
Precipitation Index (API) 
for each month &year 




Flow vs. API model: 

Best-fit flexible curve (LOESS) of relationship 
between monthly streamflow and API 



Statistical 
trend tests 
1953-2012 



Human water use as 
% of 30-day 
minimum flow 




Statistically 
significanttrend in 
minimum 30-day 
avg. flow 



Calculate "residual" (difference between 
modeled and observed monthly flow). It 
indicates the variability in streamflow not 
explained by the variability in precipitation 
(i.e., water use by vegetation and humans, 
plus errors). It is used to assess whether the 
relationship between precip. and streamflow 
has changed over the period of record 



Statistically significant trend in avg. 
September flow after accounting for the 
variability caused by precipitation 




Dam 

Barriers 



Intrinsic 
Potential (IP) 

of coho 
salmon 
habitat from 
from NMFS 



Identify 
dams that 
are 

complete 
barriers 
to coho 
salmon 



Calculate 
amount of 
habitat 
upstream 

of dam 
barriers 



SHI 

Compare 
amount of 
blocked and 
accessible 
habitats 
1 

% of coho 
salmon habitat 
inaccessible due 
to dams 



Other GIS 
Indicators 



Roads 

GIS 



Calculate 

average 

road 

density for 
each coho 
salmon 
population 
area 



National 

Land 

Cover 

GIS 



~T~ 

Calculate 
land cover 
percent 
for each 
coho 
salmon 
population 
area 



% of 

watershed 
area in 
agriculture 




Figure 4. Diagram summarizing the data sources (gray boxes at top) and calculation methods (boxes in middle) used for each indicator (blue boxes at bottom). 
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